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METHOD FOR DETERMINING ORGANIZATION 
PARAMETERS IN A WIRELESS COMMUNICATION SYSTEM 
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Cross-Refer ence to Related Case 

This application is related to commonly assigned pending U.S. Patent Application 
Serial No. 08/575,974, filed December 21, 1995, entitled "Method and Apparatus for 
5 Wireless Communication System Organization", which is incorporated by reference 
herein. 

Field of the Invention 

The invention relates to wireless communication systems in general and more 
1 0 particularly to the organization of such systems. 

u Background of tfo Invention 

Conventional radio telephone systems such as cellular systems use cell-sites 
having co-located transmitters and receivers to cover geographical regions referred to as 
cells. Several cell-sites disposed within a particular geographic area are coupled to a 
1 5 master controller called a mobile telephone switching office (MTSO). The MTSO 
controls the cell-sites and provides an interface connection to the public switched 
telephone network (PSTN). 
j::f Each conventional cell-site uses pre-assigned channel sets to communicate with 

m mobile units in a service area covered by the cell-site. Each channel set typically includes 

W 20 a pair of carrier frequencies with each carrier frequency being used for respective up-link 
or down-link communications with a mobile unit. Neighboring cell-sites use different 
channel sets to avoid interference on the same channel and adjacent channels between 
adjacent service areas. 

Conventional cellular systems provide mobility to a subscriber through a 
25 procedure referred to as hand-off. According to this procedure, geographically adjacent 
cell-sites are considered to be neighbor cell-sites. A neighbor cell-site is the cell-site to 
which a call can be transferred as a mobile unit traverses a current cell-site boundary. A 
data table called a neighbor list specifies the cell-sites that can receive a hand-off from a 
particular cell-site. In addition, to increase the simultaneous communication capacity of a 
30 system, channel reuse is employed where two sufficiently distant base stations 
simultaneously use the same channel. 

The channel sets and neighbor lists assigned to particular cell-sites as well as cell- 
site transmission powers are examples of system organization parameters that define the 
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operating characteristics of the system. Such parameters are typically determined using 
propagation models prior to installation of a system. After installation, the system 
coverage area produced by the determined parameter settings is verified by field testing. 
During a typical field test, a mobile test unit is moved throughout the service area while 
5 the base stations and test unit transmit respective test frequencies. As the test unit is 
moved from one sampling location to the next, the respective signal strength of the test 
frequencies and the corresponding geographic location is detected at the respective base 
stations and test unit to verify that the system can provide service to the intended 
coverage area. 

10 Typical wireless communication systems do not have the capability to 

automatically identify and adapt parameter settings to such changes. Environmental 
changes that often require parameters setting adjustments include the construction of 
structures in the coverage area, such as a building in an outdoor cellular system or a 
H 5 added walls in an indoor system, or the installation of another wireless communication 

ft 1 5 system in close proximity to the current system. Such changes could degrade system 
m performance and often require an installer to perform computer modeling of the coverage 

* % area again to determine the proper parameters settings. 

A method that possesses the limited ability of determining frequency channels 
used by respective cell-sites is described in M. Almgren et aL, "Adaptive Channel 
5n 20 Allocation in TACS", IEEE Global Telecommunication Conference Record, pp. 1 5 1 7- 
f U 1521 (1 995), which is incorporated by reference herein. According to this method, each 

J 5 cell-site monitors received signal strength (RSS) on respective sets of channels over time 

O and uses the channels for establishing communications that have the lowest interference. 

W Also, some time division multiple access (TDMA) systems, such as those 

25 adhering to the Telecommunication Industry Association Interim Standard 136 (TIA IS- 
136 standard), have the limited ability to dynamically allocate channels during operation 
of the systems to achieve greater spectral efficiency and communication capacity. In 
such systems, a cell-site can request an idle mobile unit to measure the RSS or bit error 
rate of different communication channels and transmit the measurement information back 
30 to the cell-site. Such RSS or bit error rate information indicates the interference on the 
respective channels. Communication can then be established with the mobile unit using 
the channel with the lowest interference. However, such a dynamic allocation technique 
is limited to channel allocation for the respective mobile unit that provides the RSS 
information. 
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Thus, a need exists for a radio telephone system having enhanced spectral 
efficiency that employs a substantially automated determination of system organization 
parameters and that is capable of adjusting for environmental changes. 

5 Summary of the Invention 

The invention provides a level of automation in determining system organization 
parameters in a wireless communication system by advantageously determining a signal 
propagation characterization of the system's coverage area. This signal propagation 
characterization is based on measurements of a path loss-related characteristic between 
10 the system's base stations and a plurality of wireless terminals operating throughout the 
coverage area. Path loss-related characteristic refers to a measurable characteristic that is 
partially or fully based on path loss and includes, for example, path loss, bit error rate, 
word error rate and frame error rate. Path loss refers to the reduction in power of a signal 
transmitted between two locations. Coverage area refers to the geographic area in which a 
S 1 5 wireless terminal can communicate with the base stations without substantial interruption. 
Ill In accordance with the invention, it is possible for the wireless terminals 

associated with subscribers located within the coverage area to provide the measurements 
for the path loss-related characteristic. Such a characteristic can be path loss determined 
by the wireless terminals measuring received signal strength (RSS) of signals transmitted 
20 at known power levels by the system's base stations. Since the base stations are 

transmitting at known power levels, the path losses between the base stations and the 
respective locations of the measuring wireless terminals can be determined based on the 
13 differences between the known transmission powers and the RSS measurements. The 

1 y determined path losses are used to form the signal propagation characterization which can 

25 be used to predict the signal strength received at locations of the measuring wireless 
terminals based on a corresponding increase or decrease in base station transmission 
power. Moreover, the individual and cumulative interference characteristics of signals 
transmitted on the same or adjacent communication channels between the respective base 
stations and the locations of the measuring wireless terminals can also be obtained from 
3 0 such a characterization. 

Although some conventional systems posses the limited capability of identifying a 
single particular parameter setting with respect to specific mobile unit, the novel and 
unobvious use of the signal propagation characterization of the coverage area in this 
invention advantageously enables the determination of a variety of important system- 
35 based settings which can affect multiple wireless terminals. Such a signal propagation 
characterization can be determined from measurements taken over an extended period of 
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time. Exemplary parameter settings that can be determined from this characterization 
include neighbor lists, the sets of base stations which can reuse channels and base station 
transmission power settings including such settings upon the addition or removal of base 
stations. For example, base station transmission power settings can be determined 
directly using the path loss characteristics. The determination of neighbor lists, and those 
base stations that can efficiently reuse the same or adjacent channels can be performed 
using isolation values derived from the predicted cumulative interference effects. 
Isolation values characterize the relative signal isolation of signals originating from a 
particular base station or its service area from interfering signals originating from another 
base station and service area. 

Since the path loss-related characteristic measurements can be obtained during 
normal operation of a wireless communication system, the parameter settings can 
advantageously be updated automatically. Thus, the system does not require costly re- 
modeling and field testing as changes occur in the coverage area or system that effect the 
signal propagation. The invention also avoids the complex and labor intensive recording 
of geographic location information that is typically required during the field testing of 
conventional installation techniques. 

Additional features and advantages of the present invention will become more 
readily apparent from the following detailed description and accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 illustrates a schematic block diagram of an exemplary wireless 
communication system having at least one system organization parameter determined in 
accordance with the invention; 

FIG. 2 illustrates a schematic block diagram of base stations in FIG. 1 arranged to 
provide service to a coverage area; 

FIG. 3 illustrates a flow diagram of an exemplary process in accordance with the 
invention for determining frequency reuse schemes and neighbor lists based on isolation 
values for the system arrangement of FIG. 2; and 

FIG. 4 illustrates a flow diagram of determining up-link isolation values for a base 
station in the system arrangement of FIG. 2. 

Detailed D escription 

The invention concerns a technique for determining a system organization 
parameter setting in a wireless communication system using a characterization of signal 
propagation of the system's coverage area. The signal propagation characterization is 
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based on measurements of a path loss-related characteristic between the system's base 
stations and wireless terminals operating within the coverage area. System organization 
parameter refers to a system characteristic that can be determined during the operation of 
the communication system including wireless terminal access parameters. 
5 Exemplary system organization parameters that can be determined according to 

the invention include neighbor lists, base stations that can reuse channels, wireless 
terminal access parameters such as wireless terminal transmission power settings, and 
base station transmission power settings including such settings upon the addition or 
removal of base stations from the system. Upon determining a parameter setting, the 
1 0 setting can be used by the system in establishing communications with wireless terminals 
in the coverage area. However, it should be readily understood that the parameter 
determination need not be made prior to the establishment of each communication, but 
can be made at the time of the system installation or intermittently during the operation of 
the system. 

y 1 5 The signal propagation characterization used to determine the parameter settings 

g§ C an be in the form of a table, two or multi-dimension matrix or other mathematical 

5 expression of a plurality of the path loss-related characteristics that facilitates prediction 

q of, for example, received signal strength or interference at locations throughout the 

PU coverage area. Path loss-related characteristic refers to a measurable characteristic that is 

* n 20 partially or fully based on path loss and includes, for example, path loss, bit error rate, 
f || word error rate and frame error rate. Path loss refers to the reduction in power of a signal 

W transmitted between two locations. Coverage area refers to the geographic area in which 

m a wireless terminal can communicate with the base stations of the system without 

W substantial interruption. In deterniining the signal propagation characterization, the path 

25 loss related characteristic measurements can be taken over an extended period of time 
during operation of the system. Path loss, an exemplary path loss-related characteristic, 
can be determined from the difference between known transmission powers of a plurality 
of the system's base stations and the corresponding received signal strengths measured by 
a plurality of wireless terminals at different locations in the coverage area. 
30 An exemplary wireless communication system 1 having a system organization 

parameter determined in accordance with the invention is shown in FIG. 1. The system 
includes three base stations 5, 10 and 15 (5-15) connected to a mobile switching center 
(MSC) 25. The MSC 25 is connected to a public switched telephone network (PSTN) 35 
by a suitable trunk 30. If the system 1 is an indoor or outdoor system with a relatively 
35 small coverage area, such as in an office building or a campus, then the MSC 25 can 
alternatively be connected to the PSTN via a private branch exchange (PBX). 
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The MSC 25 is responsible for routing calls between wireless terminals 40 and the 
respective base stations 5-15 and to the PSTN 35. For small coverage area applications, 
suitable MSC's and base stations include, for example, small MSC devices manufactured 
by Celcore and microcells produced by Lucent Technologies, Inc., respectively. For 
5 larger coverage area applications, exemplary MSC and base stations include those 

manufactured by wireless infrastructure manufacturers such as Lucent Technologies, Inc. 
The method of wireless communication is not critical to practicing the invention and can 
be, for example, digital communications techniques including code division multiple 
access (CDMA) schemes or time division multiple access (TDMA) schemes such as a 
1 0 TDMA scheme in accordance with the Telecommunication Industry Association Interim 
Standard 136 (IS-136) as well as conventional analog techniques. 

FIG. 2 shows the base stations 5-15 of FIG. 1 arranged to provide service to an 
intended rectangular coverage area 100. It is possible for such a system coverage area to 
If be, for example, 100 m by 200 m to provide wireless communication, such as cellular 

Sj 1 5 communication service, to a floor of an office building. The size and shape of the 

coverage area and the number of positioned base stations is not critical to practicing the 
invention. Although the depicted coverage area 100 could represent an office building 
floor, it should be readily understood that the technique of the invention is useful in a 
variety of wireless systems including, for example, other indoor systems such as those 
20 providing service to multiple floors of an office building, airport facilities or shopping 
malls, and in outdoor systems providing service to a campus or larger systems such as 
conventional cellular telephone systems as well as PCS systems. 

Each of the base stations 5, 10 and 15 provides communications to the wireless 
terminals 40 in respective service areas 105, 1 10 and 1 15 (105-1 15). The size of the 
25 exemplary service areas 105-1 15 are different due to the respective transmission powers 
of the base stations 5-15 and the environment in which the base stations 5-15 are 
operating. Overlap regions (not shown) exist between the service areas 105-1 15 to enable 
hand-offs between adjacent base stations to provide substantially uninterrupted 
communications of a wireless terminal as it travels across service area boundaries. 
30 Suitable overlap regions include those used in conventional wireless systems and have 
not been shown for ease of illustration. 

An exemplary method for determining system organization parameters for the 
system 1 of FIGS. 1 and 2 in accordance with the invention, will be described with 
respect to path loss based on received signal strength (RSS) measurements taken by the 
3 5 wireless terminals 40 of signals transmitted at a known power by the base stations 5-15. 
Such path-loss related characteristic measurements are for illustration purposes only, and 
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it is alternatively possible in accordance with the invention, to employ other path loss- 
related characteristics measurements, including bit, word or frame error rates, or for such 
measurements to be taken by the base stations 5-15 based on signals transmitted by the 
wireless terminals 40. 

According to the exemplary method, RSS measurement data is collected by 
wireless terminals 40 based on signals transmitted by the respective base stations 5-15. 
Such collected data can then be transmitted to at least one of the base stations 5-15. It is 
possible for a wireless terminal 40 to transmit data regarding a RSS measurement to the 
corresponding base station that provides service to that terminal's location. The RSS data 
can be transmitted by the wireless terminals 40 at times, for example, when the terminal 
is activated and registers with the base station, responds to a page, originates a call, 
and/or intermittently during a call or otherwise. Several current digital communication 
standards include provisions for wireless terminals to make such measurements, such as 
the mobile assisted hand-off (MAHO) and mobile assisted channel allocation (MACA) 
features of IS- 13 6. It is possible for a wireless terminal 40 to be, for example, mobile 
units, such as cellular or PCS telephones or portable wireless modems for laptop 
computers or personal digital assistants (PDA's), or stationary units, such as wireless 
modems associated with desktop computers. 

It is possible for the base stations 5-15 to transmit test signals at respective beacon 
frequencies to provide the reference signals for the RSS measurements taken by the 
wireless terminals 40. The beacon frequencies employed by the base station 5-15 are 
frequencies not used by other base stations in the vicinity, and correspondingly, provide 
identification of the source base stations for the test signals used for RSS measurements. 
In the alternative, a single beacon frequency can be employed for the test signal by the 
base stations which transmit the signal at respective timing intervals and in a particular 
sequence to indicate the identities of the respective source base stations. The use of 
beacon frequency signals for RSS measurements is not meant to be a limitation on the 
invention and other techniques can be employed to differentiate the sources of the signals 
to be detected by the wireless terminals 40. 

Provided in the following Tables 1-1 to 1-3 are lists of exemplary signal strength 
measurements reported by the wireless terminals 40 to the corresponding servicing base 
stations 5-15 servicing their location. A wireless terminal reference number appears in 
the left column of Tables 1-1 to 1-3 for ease of discussion but such reference numbers are 
not required for operation of the invention. The data in Table 1-1 corresponds to RSS 
data from 18 different wireless terminals 40 which are not all depicted in the service area 
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105 in FIG. 2 for ease of illustration. The RSS data in Tables 1-2 and 1-3 are from 18 
and 26 other wireless terminals 40 located in the corresponding service areas. 



Table 1-1 

RSS Report From Wireless Terminals in Service Area 105 



111 



Location of 


RSS from base 


RSS from ba.se 


RSS from bass 


Wireless Terminal 


station 5 


station 10 


station 15 


Ref, No, 


(dBm) 


(dBm) 


(dBm) 


1 


-60 


-114 


-100 


2 


-32 


-109 


-95 


3 


-51 


-1UJ 


.on 


4 


-60 


-97 


-86 


5 


-77 


-88 


-83 


6 


-77 


-88 


-72 


7 


-60 


-97 


-76 


8 


-32 


-103 


-83 


9 


-32 


-109 


-90 


10 


-60 


-114 


-96 


11 


-70 


-115 


-93 


12 


-60 


-no 


-86 


13 


-60 


-105 


-76 


14 


-69 


-98 


-65 


15 


-76 


-107 


-72 


16 


-77 


-112 


-83 


17 


-81 


-116 


-92 


18 


-90 


-118 


-92 



Table 1-2 

RSS Report From Wireless Terminals in Service Area 110 



HI 



Location of 


From base 


From base 


From base 


Wireless Terminal 


station 5 


station IQ 


station 15 


Ret No. 


(dBm) 


(dBm) 


(dBm) 


19 


-88 


-77 


-83 


20 


-97 


-60 


-86 


21 


-103 


-32 


-90 


22 


-109 


-32 


-95 


23 


-114 


-60 


-10 


24 


-114 


-60 


-96 


25 


-109 


-32 


-90 


26 


-103 


-32 


-83 


27 


-97 


-60 


-76 


28 


-88 


-77 


-72 


29 


-98 


-70 


-65 


30 


-105 


-60 


-76 


31 


-no 


-60 


-86 


32 


-115 


-70 


-93 


33 


-116 


-81 


-92 


34 


-112 


-77 


-83 


35 


-107 


-77 


-72 


36 


-118 


-92 


-93 



10 Table 1-3 

RSS Report From Wireless Terminals in Service Area 115 



Location of 


RSS from base 


RSS from base 


RSS from base 


Wireless Terminal 


station 5 


station 10 


station 15 


Ref. No, 


(dBm) 


(dBm) 


(dBm) 


37 


-77 


-88 


-83 


38 


-88 


-77 


-83 


39 


-88 


-77 


-72 


40 


-77 


-88 


-72 


41 


-70 


-98 


-65 
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42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 



-81 

■91 

-98 

-112 

-107 

-101 

-95 

-88 

-81 

-77 

-77 

-88 

-88 

-91 

-95 

-100 

-105 

-109 

-114 

-91 

-118 



-91 
-81 
-70 
-77 
-77 
-81 
-88 
-95 
-101 
-107 
-112 
-114 
-109 
-105 
-100 
-95 
-91 
-88 
-88 
-118 
-91 



-55 
-55 
-65 
-83 
-72 
-55 
-27 
-27 
-55 
-72 
-83 
-83 
-72 
-55 
-27 
-27 
-55 
-72 
-83 
-92 
-92 



Actual received power measurements by a wireless terminal 40 would be limited 
by the detection capabilities of that wireless terminal. Thus, high power readings would 
be clipped to the upper limit of the receiver measurement range and, likewise, the lower 
power levels would be limited by the "noise floor" of the terminal. 

Each row in the Tables 1-1, 1-2 and 1-3 corresponds to measurements that are 
substantially taken at a location in the coverage area by a respective wireless terminal 40. 
It is possible for the location to be a respective region of a size that is partially based on 
the size of the base station service areas. For instance in a large outdoor system, such as a 
conventional cellular telephone system, the location can be as large as ten's of square 
meters, while in an indoor system, such as in an office building, a location can be as 
small as approximately a quarter of a square meter. 

Moreover, it is not critical that all RSS measurements made by a particular 
wireless terminal 40 include data for signals transmitted by all the respective base 
stations. It is possible for RSS data to be collected at a particular wireless terminal 
location from less than the total number of base stations. The number of RSS 
measurements that should be used in determining a system organization parameter is 
partially based on the parameter to be determined and is described in greater detail below. 

The RSS data contained in Tables 1-1, 1-2 and 1-3 along with the known base 
station transmission power settings provide a characterization of the path loss between the 
wireless terminal locations where the measurements were collected and the base stations 
that generated the signals being measured. A path loss L can be determined from the 
signal power S t received by a wireless terminal 40 according to equation (A): L= S 2 - S { 
+ G base + G term , wherein S 2 is the base station transmission power and G base and G term are 
the base station and wireless terminal nominal antenna gains, respectively. Antenna gains 
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G term of conventional wireless terminals are typically in the range of approximately 0 to 3 
dB for omni-directional antennas, and antenna gains for conventional cellular telephone 
base stations G base are often on the order of 10 dB. Base station antenna gain G base for 
smaller wireless communication systems such as indoor systems can, for example, be in 
5 the range of approximately 0 to 3 dB. 

The path loss information enables the prediction of signal strengths that would be 
received by a wireless terminal location based on different base station transmission 
power settings. Moreover, the cumulative predictions of received signal strengths at a 
location from different base stations enable the determination of interference 
1 0 characteristics in the coverage area 1 00 as is described in greater detail below with regard 
to FIG. 3. 

The Tables 1-1, 1-2 and 1-3 include data for 62 locations in the coverage area for 
discussion purposes only. However, a sufficiently large number of RSS readings from 
different locations should be taken in accordance with the invention to provide a 
M 1 5 substantially accurate representation of the path losses between the base stations 5- 1 5 and 
regions of the coverage area 100 to enable determination of the system parameter. If too 
few RSS measurements were used in determining a parameter, then an inadequate 
characterization of the coverage area could result which can lead to an inaccurate 
parameter setting determination. It is possible for the number of RSS readings taken at 
20 corresponding locations in a base station service area to be, for example, on the order of 
fU several hundreds to several thousands. 

Thus, in an exemplary outdoor system with relatively high communication traffic, 
it is possible to take a sufficiently large number of RSS data measurements for 
determination of a parameter setting approximately every few minutes or hours. In 
25 contrast, in an exemplary indoor system with a limited number of users, such as less than 
ten, it can take on the order of several days to obtain a sufficient number of RSS data 
measurements to adequately characterize the signal propagation in the coverage area to 
determine a parameter setting or adjustment. Further, it is advantageous to collect RSS 
data intermittently, whether, periodically or otherwise, during system operation to detect 
3 0 and adj ust a parameter setting as required. 

The unique path loss characterization obtained from the RSS measurements 
enables determination of a variety of important parameter settings including transmission 
power, isolation values, neighbor lists, the base stations that can reuse channels, wireless 
terminal access parameters and the transmission power for the addition or removal of 
3 5 base stations in the system 1 . A description of the determination of the previously listed 
parameters follows. However, these parameter determinations are representative of the 
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parameters that can be determined in accordance with the invention and not exhaustive 
and are not intended to be a limitation of the invention. 

I. Rase Station Power Leve l Settings 
5 The signal strength that would be received at a coverage area location from a 

signal transmitted by one of the base stations 5-15 can conveniently be determined based 
on equation (B) : S t = S 2 - L + G base + G term . Since the nominal antenna gains G base + 
G term and path loss L can be considered constant, then the received signal strength S! at a 
location in a service area by a wireless terminal 40 is directly proportional to the 
1 0 transmitted signal power S 2 . 

According to equation (B), a relative change in transmission signal power S 2 will 
result in a corresponding change in the received signal strength S! at that location. Thus, 
the signal strength S 1New that would be received at a location for a new base station 
C transmission power S 2New is as follows: S 1New = S 1RSS + (S 2New - S 2RSS ), wherein S 1RSS is 

3 15 an RSS value from the Table 1-1, 1-2 or 1-3 obtained during the collection of the RSS 
W data and S 2RS s is the known base station transmission power used during the collection of 

p the RSS data. 

p For instance, if an exemplary base station transmission power setting S 2 of 1 0 

dBm was used for the base station 1 0 to generate the RSS data in Tables 1 - 1 , 1 -2 and 1 -3 , 
20 then an increase in transmission power of the base station 1 0 to 1 5 dBm would produce a 
corresponding increase in the received signal strength at the measured locations of 5 dBm 
over the RSS values listed in the second column of the Tables 1-1, 1-2 and 1-3. For 
O instance, the received signal strength at the location of the wireless terminal reference no. 

m l in Table 1 - 1 from the base station 5 would be -55 dBm or 5 dBm more than the 

25 corresponding listed RSS value of -60 dBm. 

Thus, in accordance with the invention, it is possible to determine the base station 
power level settings such that, for example, 95% of the locations in the coverage area 100 
would receive a threshold signal strength of at least -90 dBm. Such a constraint is for 
explanation purposes only and it is possible to employ other constraints for determining 
30 the required coverage area according to the invention. For ease of discussion, the base 
stations 5-15 are limited to transmitting signals having power levels in the range of 0 
dBm to 20 dBm in steps of 5 dBm. 

For the following examples, it is assumed that the transmission power settings of 
the base stations 5, 10 and 15 that produced the RSS data listed in Tables 1-1, 1-2 and 1- 
35 3, is 10, 10, 15 dBm, respectively, unless stated otherwise. At such transmission power 
settings, 17 of the 18 measurement locations in the service area of base station 5 would 
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satisfy the RSS threshold requirement for signals transmitted by the base station 5 as 
indicated in column 1 of Table 1-1. The location of wireless terminal reference no. 18 
would receive a signal strength of -91 dBm which is the only measured location that 
would fail to meet this threshold requirement. As a consequence, a coverage percentage 
5 of 94% (17/18x1 00%) is achieved for the service area of base station 5 transmitting at 
10 dBm. Thus, increasing the transmission power of base station 5 by one step to 15 
dBm would result in the location of the wireless terminal no. 18 receiving a 5 dBm 
increase in signal strength to -86 dBm. 

In a similar manner, the service area of base station 10 also has a coverage 
1 0 percentage of 94% because 1 7 of the 1 8 locations where wireless terminal measurements 
were taken meet or exceed the -90 dBm threshold requirement with that base station 
transmitting at 10 dBm as shown in the second column of Table 1-2. The location of 
wireless terminal reference no. 36 receives a signal strength of -92 dBm which does not 
M» satisfy the threshold requirement. Accordingly, as in the case of the base station 5, by 

H 1 5 increasing the transmission power of the base station 1 0 by 5 dBm to 1 5 dBm, a 1 00% 
g coverage area is achieved. 

fU However, as the base station transmission power settings are increased or 

?j decreased a corresponding change occurs in the relative size of the service areas as is 

fU described in the following example. In the service area of base station 15, 24 of the 26 

JU 20 locations at which RSS measurements were taken meet the received signal strength 
fO requirement with signals transmitted by the base station 15 at 15 dBm. Specifically, 

rU wireless terminal reference nos. 61 and 62 receive signal strengths of -92 dBm from 

signals generated by the base station 15. Thus, only 92 % (24/26 x 100%) of the 
locations in the service area meet the threshold from base station 15. 
25 Nevertheless, no change is required in the transmission power of base station 1 5 

because the increase in transmission powers of the base stations 5 and 10 resulted in an 
increase in the service areas size of the base stations 5 and 10 which will cover the two 
locations in Table 1-3 not covered by the base station 15. In particular, the location 
where the wireless terminal reference no. 61 took its measurements would receive a 
30 signal strength of -86 dBm from base station 5 transmitting at 1 5 dBm, and the location at 
which the wireless terminal reference no. 62 took its measurements would also receive a 
signal strength of -86 dBm from base station 10 transmitting at 15 dBm. Since the 
relative size of the service areas provide by the respective base stations varies with 
transmission power, it is often desirable to use RSS measurements from a relatively 
3 5 greater number of locations in the coverage area than those listed in Tables 1 - 1 , 1 -2 and 
1-3. 
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In addition, if a coverage percentage of 100% is detected for an existing power 
level setting, it is often advantageous to determine whether the corresponding base station 
transmission powers can be decreased while still meeting the coverage area threshold 
requirement. It is desirable to use the substantially lowest transmission power settings to 
obtain coverage of a given service area to avoid interference in neighboring service areas 
and facilitate channel reuse. 

The following Table 2 lists the expected received signal strengths at the locations 
where the wireless terminals 40 took the RSS measurements listed in Tables 1-1, 1-2 and 
1-3 with the transmission power level of each base station 5, 10 and 15 set to 15 dBm. 
The values in the first and second columns of Table 2 correspond to a 5 dBm increase 
over the values in the respective first and second columns of Tables 1-1, 1-2 and 1-3 
because of the increase of 5 dBm in the transmission powers of base stations 5 and 10 
from 10 dBm to 15 dBm. However, the entries in the third column of Table 2 are 
identical to the respective third columns of Tables 1-1, 1-2 and 1-3 as both concern the 
transmission power of base station 15 set to 15 dBm. A fourth column has been added in 
Table 2 indicating the respective base stations that would provide the substantially 
strongest signals to corresponding wireless terminal locations for the table entries. 



Table 2 

Received Signal Strength with at the locations of the wireless terminals with the base 



Location of 
Wireless Terminal 


RSS from 

base station 5 


RSS from base 

station 10 


RSS from 
base station 


Covered fry 

Base Station 


Rtf,No. 


(dBm) 


(dBm) 


15 
(dBm) 


1 


-55 


-109 


-100 


5 


2 


-27 


-104 


-95 


5 


3 


-27 


-98 


-90 


5 


4 


-55 


-92 


-86 


5 


5 


-72 


-83 


-83 


5 


6 


-72 


-83 


-72 


5 


7 


-55 


-92 


-76 


5 


8 


-27 


-98 


-83 


5 


9 


-27 


-104 


-90 


5 


10 


-55 


-109 


-96 


5 


11 


-65 


-110 


-93 


5 


12 


-55 


-105 


-86 


5 


13 


-55 


-too 


-76 


5 


14 


-64 


-93 


-65 


5 


15 


-71 


-102 


-72 


5 


16 


-72 


-107 


-83 


5 


17 


-76 


-111 


-92 


5 


18 


-85 


-113 


-92 


5 


19 


-83 


-72 


-83 


10 


20 


-92 


-55 


-86 


10 


21 


-98 


-27 


-90 


10 


22 


-104 


-27 


-95 


10 


23 


-109 


-55 


-10 


15 


24 


-109 


-55 


-96 


10 


25 


-104 


-27 


-90 


10 


26 


-98 


-27 


-83 


10 
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27 


-92 


-55 


-76 


10 


28 


-83 


-72 


-72 


10 


29 


-93 


-65 


-65 


10 


30 


-100 


-55 


-76 


10 


31 


-105 


-55 


-86 


10 


32 


-110 


-65 


-93 


10 


33 


-111 


-76 


-92 


10 


34 


-107 


-72 


-83 


10 


35 


-102 


-72 


-72 


10 


36 


-113 


-87 


-93 


10 


37 


-72 


-83 


-83 


5 


38 


-83 


-72 


-83 


10 


39 


-83 


-72 


-72 


15 


40 


-72 


-83 


-72 


15 


41 


-65 


-93 


-65 


15 


42 


-76 


-86 


-55 


15 


43 


-86 


-76 


-55 


15 


44 


-93 


-65 


-65 


15 


45 


-107 


-72 


-83 


10 


46 


-102 


-72 


-72 


15 


47 


-96 


-76 


-55 


15 


48 


-90 


-83 


-27 


15 


49 


-83 


-90 


-27 


15 


50 


-76 


-96 


-55 


15 


51 


-67 


-102 


-72 


5 


52 


-72 


-107 


-83 


5 


53 


-83 


-109 


-83 


15 


54 


-83 


-104 


-72 


15 


55 


-86 


-100 






56 


-90 


-95 


-27 


15 


57 


-95 


-90 


-27 


15 


58 


-100 


-86 


-55 


15 


59 


-104 


-83 


-72 


15 


60 


-109 


-83 


-83 


10 


61 


-86 


-113 


-92 


5 


62 


-U3 


-86 


-92 


10 



iy 

in II. Rase Station Service Area Coverage And Overlaps 

O Overlaps of base station service areas permit hand-offs of communications with a 

f y 5 wireless terminal 40 that is moving from one service area to the other. One method for 

establishing the overlaps is to employ a hand-off hysteresis limit. A hand-off hysteresis 
limit establishes overlaps in service areas as regions that can receive signal strengths from 
two or more base stations that all satisfy a threshold RSS criteria as well as being within a 
particular limited range of one another, such as, for example, 15 dB. Thus, for example, 
1 0 communication between the system 1 in FIG. 2 and a wireless terminal 40 is provided by 
a first base station if that base station provides the substantially strongest received signal 
strength at the wireless terminal and if the received signal strength satisfies a threshold 
requirement of -85 dBm. This same wireless terminal location can also be covered by a 
second base station if the signal strength received at the location is at least -85 dBm as 
1 5 well as within the hand-off hysteresis of 1 5 dB of the signal strength received from the 
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first base station. As a result, a wireless terminal 40 traversing that location can have its 
communication with the first base station handed-off to the second base station. 

Table 3 is based on the signal strengths listed in Table 2 and includes the base 
stations that cover the respective regions assuming a hysteresis hand-off limit of 15 dB. 
In Table 3, a "1" denotes that the corresponding region is covered by a particular base 
station and a "0" denotes that no coverage is provided to the region by the particular base 
station. For instance, at the location of wireless terminal reference no. 14 in Table 2, the 
received signal strength from base station 10 is -93 dBm which is below -85 dBm and 
therefore, this base station would not cover the location of wireless terminal reference no. 
14 as indicated by the "0" in Table 3. However, the received signal strengths from base 
station 5 and 15 are -64 and -65 dBm, respectively, which are both above the threshold 
-85 dBm and within 15 dBm of one another. Thus, base stations 5 and 15 would cover 
the region 24 as indicated by the "l's" in Table 3. 

Conversely, Table 2 shows that at the location of the wireless terminal no. 30, the 
received signal strength is greater than -85 dBm from base stations 10 and 15. However, 
only base station 10 is considered to service that location because the difference in the 
received power from base stations 10 and 15 is 21 dB which is greater than the 15 dB 
limit. Thus, in Table 3, location of the wireless terminal no. 30 is indicated as serviced 
only by the base station 10. 

Table 3 

Location coverage by base stations 5, 10 and 15 



locatioq of 
WirdMs Terminal Ref, No. 


5 


in 


15 


1 




0 


0 


2 




0 


0 


3 




0 


0 


4 




0 


0 


5 




I 


1 


6 




1 


1 


7 




0 


0 


8 




0 


0 


9 




0 


0 


10 




0 


0 


11 




0 


0 


12 




0 


0 


13 




0 


0 


14 




0 




15 




0 




16 




0 




17 




0 




18 




0 




19 




I 




20 


0 


0 




21 


0 


0 




22 


0 


1 


0 


23 


0 


0 


1 


24 


0 


1 


0 


25 


0 


I 


0 


26 


0 


i 


0 


27 


0 


1 


0 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 



0 
0 
0 
0 
0 
0 
0 
0 
0 

[ 
I 
i 
1 

0 
0 
0 
0 
0 
0 



0 
0 
0 

1 
I 
I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

[ 
1 

0 
0 



The percentage of the coverage area 100 serviced by the respective base stations 
as well as the service area overlap between a pair of base stations can also be determined 
from Table 3. The coverage area percentage can be determined by the number of 
locations of the coverage area that are indicated as serviced by a particular base station. 
For instance, the number of regions serviced by the base station 5 in Table 3 is 17. Thus, 
the coverage area percentage serviced by the base station 5 is 48% (30 regions / 62 total 
locations). 

In a similar manner, the service area overlap percentage between base stations can 
be determined. Thirteen locations of the 30 regions covered by base station 5 are covered 
by other base stations yielding a coverage overlap percentage of 43% (13/30 x 100%). 
Likewise, the coverage overlap percentage between base stations 5 and 10 occur at seven 
locations, which is 1 1% (7/62 x 100%) of the coverage area 100. 

The coverage area percentage and coverage overlap indicate the effectiveness of 
each base station in providing service to the coverage area. For the example, the 
coverage area and overlap percentages are contained in the following Table 4. 
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Table 4 

base locations overlap Coverage Coverage 

stations covered locations area (%) overtap(%) 

5 30 13 48 43 

10 26 14 41 53 

15 37 24 59 64 



5* 



III. Removal of Base Stations from a System 

Although Table 3 illustrates that service can be provided to the coverage area 100 
5 using three base stations, it is possible to determine whether such coverage or a lesser 
acceptable coverage could be provided using a smaller number of base stations in the 
event that a base station becomes inoperative whether for routine maintenance, repair, 
reduction in the number of base stations in the coverage area or otherwise. Such a 
determination can be made from the RSS measurements taken by wireless terminals 40 
1 0 for the three base stations 5- 1 5 listed in Table 1 . It is possible to perform the 

determination without the need for additional collection of RSS measurements using the 
smaller number of base stations. 

The determination of whether the communication system 1 of FIG. 2 can operate 
with a reduced number of base stations can be performed by determining the required 
1 5 transmission power of the remaining base stations, if any , that could provide coverage to 
Q the service area of the base station to be removed. Moreover, such a determination would 

- also have to include whether the required transmission powers would produce 

O . unacceptable interference in the other regions of the coverage area 1 00. 

W An exemplary method for determining whether the system 1 can operate with a 

20 reduced number of base stations is to perform the previously described method for 
adjusting the base station transmission power level in Section I excluding the RSS 
measurements of signals transmitted by the particular base station to be removed. This 
transmission power determination should be made such that the remaining base stations 
can provide an acceptable level of service coverage to the desired coverage area 1 00. In 
25 addition, this method can also be performed for each base station to test the resulting 
coverage with each of the base stations 5-15 individually removed to identify if the 
coverage area 100 can be serviced with a smaller number of base stations in the system. 
After a base station has been removed and the system is operating with a reduced number 
of base stations, it may be desirable to further obtain intermittent RSS measurements to 
30 determine if further transmission power adjustment of the remaining base stations would 
be advantageous. At such time, it would be further advantageous to update the neighbor 
lists and isolation values as is described in detail below in Section V. 
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IV. Addition of B ase Stations to a System 

It is desirable to add a new base station to an existing wireless communication 
system when, for example, the average number of wireless communications in the 
coverage area 100 approaches or exceeds the systems call capacity. The addition of a 

5 new base station in the system would provide an increase in call capacity. The position 
of a new base station can be proximate to those base station's which handle relatively 
high call traffic. The transmission power settings of such a new base station as well as 
the existing base stations can then be determined by a method in accordance with the 
invention. Moreover, at such time, it would be also desirable to update the neighbor lists 

1 0 and isolation values for the system 1 with the added base station, as described below in 
Section V. 

An exemplary technique to make the transmission power determination includes 
the transmission power adjustment method previously described in Section I. According 
* to this technique, a new base station is allowed to transmit a signal having a beacon 

i 15 frequency without handling any calls for an initial period of time. During this initial 
I period, the other base stations maintain their existing transmission power settings. Also, 

U during this initial period, RSS measurements are obtained from the wireless terminals 40 

including measurements regarding the beacon signal of the new base station. 

After a sufficient number of RSS measurements are collected to characterize the 
20 signal propagation in the coverage area with the new base station, the base station 
transmission power settings including that for the new base station are adjusted to 
establish coverage of respective service areas by the previously described method in 
Section I. The new base station is then activated for completing calls. Thus, a new base 
station can advantageously be incorporated into an existing system without substantially 
25 disrupting the operation of that system and without requiring costly system modeling and 

field testing by installers. 

The duration of the initial period and the number of RSS measurements required 
to sufficiently characterize the coverage area for incorporating a base station is 
significantly dependent on the type of system, whether an indoor or outdoor system, and 
30 the coverage area environment. However, an exemplary number of RSS measurements 
that could be used to adjust the base station transmission power settings when a new base 
station is installed is on the order of hundreds of measurements. 

An alternative method for determining the transmission power of the added base 
station is to provide a frequency assignment for the new base station and allow it to 
3 5 establish communications with wireless terminals in the area using a relatively low 
transmission power. As RSS data is collected for the new base station and the 
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corresponding interference effects caused to neighboring base stations is determined, its 
power level can be adjusted accordingly. Such a technique is advantageous in that it 
allows a newly installed base station to provide communications without the previously 
described initial non-communication period. The initial relatively low power setting 
employed for a new base station is substantially dependent on the type of system and its 
proximity to neighboring base stations, however, such powers can be on the order of 20 
dBm for an exemplary outdoor system and 1 dBm for an exemplary indoor system. 

V. Isolation Value s. Neighbor Lists and Channel Reuse 

The RSS measurements and location coverage indicated in the respective Tables 
1-1 to 1-3 can be used to generate isolation values in accordance with the invention. 
Isolation values are a measure of radio frequency isolation on a channel at a base station, 
or a wireless terminal at a location, from other signals from other base stations or wireless 
terminals that would interfere if they were permitted to transmit on the same channels. In 
other words, isolation values indicate channel interference by the strength of a received 
signal at a base station, or a wireless terminal at a location, relative to an interfering 
signal strength from other base stations or wireless terminals that would occur if they 
used the same channels. 

Such channel interference can be up-link or down-link interference or a 
combination of these interferences. Down-link interference is channel interference 
received at locations serviced by a first base station caused from signals transmitted by 
other base stations. Up-link interference is interference at the base stations caused from 
signals transmitted by wireless terminals in locations of the coverage area that are not 
serviced by that base station. 

FIG. 3 illustrates an exemplary method 200 for determining base station isolation 
values based on up-link and down-link isolation values. The up-link and down-link 
isolation values determined according to the method 200 are further based on carrier-to- 
interference (C/I) ratios. A large C/I ratio indicates a signal that is substantially isolated 
from channel interference while a small C/I ratio indicates a signal experiencing 
substantial channel interference. Thus, large C/I ratio values between conventional 
cellular base stations that are, for example, greater than approximately 18 dB, indicates 
that such base stations can use the same channel while small C/I ratio values between 
base stations, such as, for example, less than approximately 0 dB, indicate that the base 
stations are neighbors as is described below with regard to Table 8. It should be readily 
understood that carrier and interference signals for this discussion occur on the same 
channel or frequency. 
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The method 200 is described with respect to the system of FIGS. 1 and 2 with the 
transmission power settings of 10, 10 and 15 dBm for the base stations 5, 10 and 15, 
respectively. As previously described, the locations of the wireless terminals 40 where 
the RSS measurements were collected that are in the service area 105 of the base station 5 
are listed in Table 1-1. Likewise, the measurement locations listed in Tables 1-2 and 1-3 
are serviced by the base stations 10 and 15, respectively. 

Referring to FIG. 3, down-link isolation values, such as service area down-link 
C/I ratio values, are determined in step 210. A service area down-link C/I ratio is a 
measure of interference on a down-link portion of a channel at locations serviced by a 
particular base station from signals transmitted on that channel by other base stations. An 
exemplary method for detemining a service area down-link C/I ratio value includes: 1) 
determining down-link C/I ratios for the individual locations in a base station service 
area; and 2) using a particular quality measure, determining the service area down-link 
C/l ratio value based on these identified ratios. 

An exemplary technique for deterniining the down-link C/I ratio for an individual 
location serviced by a first base station with interference from a second base station is to 
compute the difference in signal strengths S 2 from the first and second base stations at the 
location. For instance, Table 5 gives an interference distribution of the C/I ratios that 
would occur at locations in the service area of base station 5 if the base stations 10 and 15 
transmitted on the same channel. Table 5 lists only those locations that are serviced by 
base station 5 as indicated in Table 1-1. 

TableS 

Down-link C/I ratios at locations serviced by the base station 5 



Location of 


Int. from base station 


TnL from base station 15 


Wireless Terminal 


m 


(dB) 




<dB) 




1 


54 


40 


2 


77 


63 


3 


71 


58 


4 


37 


26 


5 


11 


6 


6 


11 


-5 


7 


37 


16 


8 


71 


51 


9 


77 


58 


10 


54 


36 


11 


45 


23 


12 


50 


26 


13 


45 


16 


14 


28 


-5 


15 


30 


-5 


16 


35 


6 


17 


35 


10 


18 


! 27 


I 
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A suitable quality measure for determining the service area down-link C/I ratio 
value is, for example, the fifth percentile of the interference distribution. The fifth 
percentile of the distribution refers to 5% of the locations in the service area that have the 
lowest determined C/I ratios which corresponds to approximately one location in the 18 
5 locations serviced by base station 5 (1/18 x 100% - 5%). Accordingly, the service area 
down-link C/I ratio value for the base station 5 would be 1 1 and -5 dB for interference 
from the base stations 10 and 15, respectively. In particular, the substantially lowest 
single down-link C/I ratio that would be caused by the base station 10 is 1 1 dB at 
locations of wireless terminal reference nos. 5 or 6. Likewise, the substantially lowest 
1 0 single down-link C/I ratio caused by the base station 1 5 is -5 dB at locations of wireless 
terminal location nos. 6, 14 or 15. 

The service area down-link C/I ratio values or down-link isolation values for the 
base stations 10 and 15 service areas can be obtained in a substantially identical manner 
U as that previously described for the base station 5. Table 6 provides a correlation of the 

2 1 5 down-link C/I ratio values for the respective base station service areas in this example. 

2 Table 6 

III Down-link C/I ratios for the locations serviced by the respective base stations (dB) 

0J Base stations 5 12 15 

F S 0 U -5 

m - J4 11 0 -5 

te? |5 -6-6 0 

'f Referring back to FIG. 3, after the service area down-link C/I ratio values are 

13 obtained in step 2 1 0, the method 200 obtains the up-link base station isolation or C/I ratio 

20 values in step 220. An up-link base station C/I interference ratio measures the channel 
interference to a signal from a wireless terminal in a location serviced by a first base 
O station caused by wireless terminals in locations serviced by a second base station. Such 

a determination can be made for each location in the first base station's service area. For 
this example, up-link interference ratios for each of the 1 8 locations serviced by the base 
25 station 5 are determined based on the interference that would be caused by wireless 

terminals in each of the 18 locations serviced by the base station 10. A suitable method 
to obtain the cumulative up-link C/I ratios is substantially similar to the method used to 
obtain the cumulative down-link C/I ratios and is described in greater detail below with 
regard to FIG. 4. Table 7 lists the up-link C/I interference ratio values for each of the 
30 base stations' service areas. 
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Table 7 

Up-iink C/I ratios for the base stations (dB) 



Base stations 5 111 15 

J 0 17 -6 

Jfl 17 0 -6 

_Ji 0 0 0 



After the up-link C/I ratio values are determined in step 220, the method 200 of 
FIG. 3 generates the base station isolation values based on the determined down-link and 
up-link C/I values, in step 230, using a quality measure. A suitable quality measure for 
generating the isolation values is, for example, to use the substantially minimum entry of 
the down-link and up-link C/I values listed in Tables 6 and 7 to yield the following 
isolation values Table 8. 

Table 8 

Isolation values for the base stations (dB) 



Base stations 5 M 15 

_g 0 11 -6 

ifl 11 0 -6 

_L5 -6-6 0 



After the isolation values are generated in step 230, the neighbor lists and channel 
reuse determinations are performed in steps 240 and 250. With regard to channel reuse in 
step 240, if a substantially minimum isolation value is, for example, 10 dB to permit two 
base stations to use the same channel, then base stations 5 and 10 can use the same 
channel as their isolation value indicating the C/I ratio between them and their locations 
is 1 1 dB. However, if the requirement were 18 dB, then no channel reuse would be 
permitted in the system 1. In a similar manner, if a requirement of approximately 1 dB is 
used in order for two base stations to use adjacent frequency channels, then the base 
stations 5 and 10 can use adjacent channels. With regard to determining neighbor lists in 
step 250, if an isolation or C/I requirement of, for example, 0 dB is used then base 
stations 5 and 10 are neighbors of base station 15 for hand-off but base stations 5 and 10 
are not neighbors to each other, as is seen in Table 8. 

The previously described quality measures chosen to generate the C/I ratio values 
and the isolation values are representative and not intended to be a limitation of the 
invention. It should be readily understood that other quality measures can be employed 
in accordance with the invention including averaging of all or a portion of the C/I values. 
Moreover, numerous other methods of manipulating the individual C/I ratio values of the 
locations can be used in determining the isolation values in accordance with the invention 
including the use of just up-link or down-link C/I ratio values. In addition, more intricate 
combinations of the resulting isolation values than is represented in Table 8 can also be 
used such as employing separate isolation values representing the up-link and down-link 
interference. It is also possible to include criteria in addition to the isolation values for 
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allocating channels such as, for example, a bias to communicate with a local private 
wireless communication system that is nearby a macro-cellular system. 

An exemplary method 300 for determining an up-link C/I ratio value for a first 
base station is shown in FIG. 4. Referring to FIG. 4, interfering wireless terminal 
5 transmission powers in a second base station's service area are determined in step 310. 
Transmission power can be determined for each measurement location in the service area. 
It is possible for a wireless terminal to transmit at a fixed power, such as 0.6 W in 
conventional portable cellular telephones. However, also in conventional systems, such 
as those conforming to the previously mentioned TIA IS- 136 standard, the wireless 
1 0 terminal transmission power can be controlled with control signals from the base station 
to which the wireless terminal is communicating. The base station controls the wireless 
terminals power in this manner such that it receives a substantially constant signal 
strength as the wireless terminal moves within the service area. 

Thus, an exemplary technique for determining the wireless terminal transmission 
5 1 5 powers at the locations in the second base station's service area is to compute the 
J transmission power required to provide the second base station with a particular signal 

[i strength such as, for example, -90 dBm based on a path loss between the location and the 

O base station. For such a computation, it is possible to determine path loss as the 

difference between the base station's transmission power and the measured received 
20 signal strengths S, which are listed in the Tables 1-1, 1-2 and 1-3. If the path loss is 
substantially low, such as when the location is in close proximity to the base station, a 
lower limit of the wireless terminal's transmission power is reached and a minimum 
power of, for example, -4 dBm can be used. 

After the interfering wireless terminal transmission powers are determined in step 
25 310, the corresponding received signal strengths at the first base station from those 
transmission powers are determined in step 320. This determination is based on the 
computed path losses from those locations to the first base station in Table 1 in a similar 
manner to that used for interfering transmission powers as determined in step 310. Then, 
in step 330, the signal strength that would be received by the first base station from 
30 wireless terminals at locations within its own service area is determined. 

If the wireless terminals are power controlled, then the first station would receive 
a signal strength of substantially constant power, such as -90 dBm. However, if the 
transmission power to provide such a signal strength is less than the minimum wireless 
terminal transmission power or if the wireless terminals are transmitting at a constant 
35 power, then the power reaching the base station can be determined in substantially the 
same manner as described above with regard to step 320. Such a determination would be 
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based on the transmission power and the measured path loss between the locations and 

the first base station. 

After the signal strengths are determined in steps 320 and 330, then, for each 
location in the first base station's service area, up-link C/I ratio values are computed 
based on interfering signals that would be generated by interfering wireless terminals 
from each of the locations in the second base station's service area. This computation is 
performed in step 340. For instance, if base station 5 services the 18 locations for which 
RSS data was collected was the first base station and base station 10 that services the 18 
other locations for which RSS data was collected was the second base station, then, in 
step 340, 18 up-link ratio values would be determined for each of the 18 locations in the 
service area of base station 5 for a total of 324 (18 x 18) values. Then, in step 350, a 
quality measure is used to determine a single up-link base station C/I ratio or up-link 
isolation value for the first base station's service area based on the up-link C/I ratio value 
computations of step 350. The method 300 can be repeated for each base station in the 
communication system. 

In the example, if the quality measure of the fifth percentile is used then the 
determined base station up-link isolation values for each of the three base stations 5, 10 
and 15 would be those listed in Table 7. In a substantially similar manner to the service 
area down-link C/I values, the particular quality measured used to generate the up-link 
C/I values is not critical to practicing the method of the invention. Accordingly, it should 
be readily understood that many other types of data manipulations can be performed to 
generate the up-link C/I and isolation values and that more than one value can be used to 
represent interference from base station service areas. In particular, unlike the down-link 
C/I values, the up-link C/I values need not correlate interference from wireless terminals 
based on the base station service areas in which they would be operating. 

Although several embodiments of the invention have been described in detail 
above, many modifications can be made without departing from the teaching thereof. All 
of such modifications are intended to be encompassed within the following claims. For 
instance, it is possible to use other methods and techniques than those previously 
described to determine system organization parameters in accordance with the invention 
based on path loss-related characteristic measurements from the base stations and/or 
wireless terminals. 
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